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The Dimensionality of Emotion and Individual Differences
Abstract
This paper is a critical review of the research on the relative contribution of valence and
arousal to the effect of emotion on performance. It is well accepted that emotion influences
aspects of cognitive performance, but there are inconsistent results concerning the relative
salience of valence and arousal. Some authors support the idea that valence, rather than
arousal, is the primary contributor to this effect of emotion on performance. This review
analysed the methodology used in studies supporting the primary role of valence, and this
analysis revealed that the two dimensions may have been confounded. The literature
suggested that arousal appears to be salient when the two dimensions are controlled.
Furthermore, when an individual differences perspective was also integrated, this showed that
both arousal and valence have particular relevance as they are differentially perceived by each
individual. It was concluded that there is value in exploring an individual difference
perspective, and that this may also account for the mixed results in the literature.

Author: Leah Braganza
Supervisor: Dr. Ken Robinson
Submitted: March 2008
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The Dimensionality of Emotion and Individual Differences
The advances in emotion research are increasingly coming from affective
neuroscience and research using brain scans, other physiological measures (e.g. galvanic skin
response) and behavioural tests (Bradley & Lang, 2007a). However, much of this research
exists in the separate literatures of psychology, physiology and neurology, with few
connections being made across levels of understanding on an experimental level (Davidson,
2003).
The term emotion describes a process of changes in an individual's physiological and
mental state in response to internal or external stimuli relevant to their current concerns
(Bradley & Lang, 2007a; Frijda, 1988; Russell, 2003; Scherer, 2005). An individual's
emotional state can influence how their environment is perceived and responded to. The
dimensional dynamics behind this influence is one area of debate in the psychological
literature.
The structure of emotion can be separated into the two dimensions of valence and
arousal (Lang, Bradley, & Cuthbert, 2005; Mehrabian & Russell, 1974; Osgood, Suci, &
Tannenbaum, 1971; Power & Dalgleish, 2008). Valence ranges from the extremely pleasant
to extremely unpleasant, and arousal varies between extreme excitement and a state of calm
(Mehrabian & Russel, 1974; Power & Dalgleish, 2008). Lang, Bradley, and colleagues
(2005, 2007a, 2007b) have conducted extensive investigation of the dimensional view of
emotion. Conceptually separating emotion into valence and arousal has allowed these
researchers to operationalise emotion and therefore study its processes and the structures
involved.
The literature is divided on the relative contributions of these dimensions to the
influence of emotion on performance. The term 'influence of emotion on performance' is
used widely in this area as many of the tasks investigating the valence and arousal properties
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of stimuli use dual or interference task paradigms. Emotional stimuli are presented at some
point throughout a cognitive or motor task, and the interruption or delay in task performance
is attributed to the presence of the emotion stimuli.
The question of the relative salience of these two dimensions is not a matter of
whether valence or arousal is more important than the other. For a stimulus to be perceived
as emotional it would have to be both positive or negative, and at least mildly arousing
(Bradley & Lang, 2007a). In this way when a research study has concluded (e.g.,
Schimmack, 2005) that the arousal properties of the stimuli and not valence were responsible
for interference in a cognitive task, this is meant to demonstrate the initial power that arousing
stimuli have on perception and processing and not indicate valence is not important. It may
also suggest that these two properties of emotion may be subject to a time course in which the
arousing stimuli receive preferential processing (Anderson, 2005; Ohman, Flykt, & Esteves,
2001).
Lang, Bradley, and Cuthbert (2005) compiled what is now known as the International
Affective Picture System (lAPS), a database of over 900 pictures each with standardised
ratings of valence and arousal. An example of a stimulus rated as low arousal positive would
be a bunch of flowers and a low arousal negative image would be represented by a cemetery.
Common high arousal positive images are opposite sex models and high arousal negative
images are scenes of threat, violence and blood injury (Lang, Bradley, & Cuthbert, 2005).
Figure 1 1 below illustrates the pattern of ratings from the lAPS research. As evident,
there are more ratings in the low arousal positive and high arousal negative quadrants

1

From "Emotion and Motivation" (p. 585), by M.M. Bradley and P.J. Lang, 2007. In J.T. Cacioppo, L.G. Tassinary, & G. G.
Berntson (Eds.), Handbook ofpsychophysiology (3'd ed., pp. 581-607). New York: Cambridge University Press.
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compared to the high arousal positive and low arousal negative quadrants. This relationship
demonstrates the interaction between the two dimensions.
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Figure 1. Ratings of valence and arousal for the pictures in the lAPS database. It is
interesting to note that more pictures were judged as low arousal positive and high arousal
negative compared to the other two quadrants. There is a strong trend indicating that as a
stimulus becomes more negative it is rated as increasingly arousing. This same trend is
evident but much weaker for the positive stimuli.
Figure 1 also demonstrates that two processes underlie the results: an approach
towards positively valenced stimuli, and an avoidance of negatively valenced stimuli. The
figure shows that arousal is predictive of negatively valenced stimuli. For positively valenced
stimuli, however, it appears that both arousal and valence operate somewhat independently.
Note that Figure ldoes not include individual differences data, which are likely to
produce better understanding of these complex relationships. This is because each individual
will perceive the same stimulus in a different way based on their learning history and

~

Valence Versus Arousal 6

personality (Kosslyn et al., 2002), with these differences introducing variability into any
experimental or correlational design.· When it comes to the topic of emotions, these
differences in perception can be particularly accentuated. From the perspective advocated by
Kosslyn et al. (2002), of enhancing knowledge gained from a group based research design
with data from individual differences, the current paper also aims to establish a rationale for
the inclusion of an individual differences perspective in group research on valence and
arousal. It is argued in this review that using an individual differences approach may help to
clarify the dimensional aspects of emotion.
As stated earlier, the literature is divided on whether valence or arousal has a more
immediate effect on performance. This effect has mainly been investigated within cognitive
paradigms, and therefore has been measured in terms of both a cognitive decrement and
cognitive facilitation in performance observed in conditions that involve emotional stimuli
(Mathews & MacLeod, 1994). Both arousal and valence have been documented as the
primary contributors to the effect. For instance, Pratto and John (1991) and Fox, Russo,
Bowles, and Dutton (200 1) provide support for valence, while Schimmack (2005) and Buodo,
Sarlo, and Palomba (2002) provide evidence supporting arousal as the primary contributor to
the effect of emotion on performance.
The inconsistency in the literature may be explained when the methodological
procedures of the studies are considered. Many experiments have not controlled the values of
both the valence and arousal in their emotional stimuli (Schimmack, 2005). This stimulus
control problem has led to inconsistent results and therefore differing conclusions on the
relative salience of these dimensions (Schimmack, 2005). This review will critically analyse
the studies testing the dimensional aspects of emotion with particular attention to how valence
and arousal have been measured.

, Valence Versus Arousal 7
Emotion and the Information Processing Tradition
The measurement of emotional effects on cognitive performance is a typical approach
in the area (Eder, Hommel, & De Houwer, 2007). Experiments normally involve different
types of stimuli varied on emotional ratings (e.g., positive, negative, neutral pictures, or
words), and these stimuli will be presented at different times during the completion of a
cognitive task such as a math problem. If reaction time to the cognitive task were delayed on
those trials that included an emotional as compared to a neutral stimulus, an effect of emotion
on performance is said to have been demonstrated (Mathews & MacLeod, 1994). This is an
example of using cognitive decrement as an index of the effect of emotion on performance
(Mathews & McLeod, 1994). However, a stimulus can also be perceived outside of attention
because of its affective properties and in this way represents a cognitive facilitation effect
(Anderson, 2005).
There are other notable examples of the measurement of emotional effects on
attention and memory. Emotional stimuli have been shown to both capture attention (e.g.,
Ohman & Flykt et al., 2001) and impact the time it takes to disengage attention (e.g., Fox,
Russo, & Dutton, 2002). Also, emotional stimuli may improve memory consolidation and
,,

recall (e.g., Anderson, Wais, & Gabrieli, 2006; MacKay et al., 2004) and degrade it (e.g.,
Richards & Gross, 1999).
There is one limitation in studying emotion by using improvements or decrements in
cognitive performance, and critique in this area has a long history (e.g. Navon, 1984). Navon
critiqued limited resources approaches in cognition on the basis that they are superfluous to a
theoretical understanding. Similarly, it is argued in this review that studying emotion through
improvements or decrements in cognitive performance may be indirect, and potentially
misleading, given the underlying physiology which demonstrates that 'hot' emotional
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processes precede and often dominate the 'cool' cognitive processes (LeDoux, 1994; Schafe
& LeDoux, 2004; Zajonc, 1980). Indeed, although emotion and cognition are integrated

processes (e.g., Phelps, 2004), there is evidence that a preferential processing route exists for
emotional over cognitive information (LeDoux, 1994; LeDoux, 2000; Zajonc, 1980). This
evidence indicates that the human brain can perceive and processes emotional information
more rapidly than non-emotional information (Anderson, 2005; LeDoux, 1994). Hence, if
research is restricted to the measurement of enhanced cognitive performance or interference
in cognitive performance, this may involve later stages of emotional processing that is
integrated with cognitive processing (Schachter & Singer, 1962). For this reason, this paper
reviews studies using interference tasks, but extends the scope to tasks such as the attentional
blink which may be able to measure this preferential processing route (Anderson, 2005), and
also evidence from physiological research. These data are then integrated to provide a
balanced evidentiary base for assessing the relative salience of valence and arousal in the
effect of emotion on performance.
The Valence Versus Arousal Hypothesis
Despite the successful adaptation of cognitive tasks to study emotion, results are
inconsistent witJl respect to the relative contribution of valence and arousal (Shimmack,
2005). One plausible explanation for this inconsistency is that many studies have not
accurately measured or considered both the valence and arousal properties of the emotional
stimuli used (e.g., Pratto & John, 1991).
There is a common conclusion that the effects of emotion may only be measured in
clinical groups that is, in persons who are sensitised through anxiety and fear to emotional
stimuli (see Williams, Mathews, & MacLeod, 1996, for a comprehensive review). A recent
example is Bar-Haim, Lamy, Pergamin, Bakermans-Kranenburg, and van Ijzendoorn (2007),
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who conducted a meta-analysis of 172 studies, assessing the influence of emotional stimuli on
anxious compared to non-anxious individuals. Bar-Haim et al. concluded that emotional
material does not attract more attention than neutral material in non-anxious compared to
anxious individuals. They suggested that the standard tasks were not as sensitive as tasks that
allow some mood induction, such as the blocked-design Stroop emotional task. Indeed, it is
likely that the anxious individuals were more sensitised or biased toward emotional stimuli
compared to the controls. A direct way of measuring this factor would be to measure arousal
levels of the stimuli for each of the studies considered for the meta-analysis. Hence, the
stimuli used in these studies may have been sufficiently arousing for anxious individuals, but
were perceived as only mildly arousing in the non-clinical groups.
Therefore, the paradigms that have been used in this area have not always been
designed to measure both valence and arousal. It is this problem of measurement that has
lead to some inconsistent results in the area regarding the contribution of the dimensions to
performance.
One way to understand the relative salience of valence and arousal is through an
analysis ofthe three main hypotheses in this area. The categorical negativity, evolutionary
threat, and arousal hypotheses each support the conclusion that emotional information has
priority in the human perceptual system (Schimmack, 2005). However, each has specific and
different predictions regarding the relative salience of the arousal and valence dimensions of
emotional stimuli.
Whereas Schimmack (2005) evaluates these three hypotheses in terms of how much
conflicting evidence there is against them, the present review focuses on the methodological
problems that exist in each individual study. Ultimately, when arousal has been taken into
account in the experimental design and controlled for, it is argued in this review, that the

~
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arousal dimension primarily contributes to the effect of emotion on performance relative to
the valence dimension.

Categorical Negativity Hypothesis
According to this hypothesis, individuals categorically evaluate the information they
receive from the environment (Pratto & John, 1991). This process is automatic and results in
stimuli being characterised as either positive or negative. Such judgments are said to serve an
evolutionary function, as negative stimuli alert the individual to potential threat (Pratto &
John, 1991). Negative information is viewed as more important than positive information for
survival and is therefore given preference in the human perceptual system.
This hypothesis makes two predictions about the way emotional stimuli affect
performance (Pratto & John, 1991). First, negative items will always be given priority over
positive items and second, any negative stimuli, despite its level of arousal, will influence
performance. The main source of this set of ideas comes from a 1991 study by Pratto and
John, which used an adaptation ofthe Stroop paradigm.
The main task in Pratto and John's (1991) study was to name the colour (blue, pink,
red, green or gold) of 80 trait adjectives (40 desirable, 40 undesirable). Stimuli were selected
from word pools describing the Big Five personality traits, and were rated from 'extremely
undesirable' (e.g., sadistic, wicked) to 'extremely desirable' (e.g., friendly, honest) on a nine
point scale. The amount oftime it took the participant to say the colour of the word (i.e.,
latency) was recorded and used as an index of interference.
In relation to the first prediction made by these authors, results of the Analysis of
Variance (ANOVA) indicated that it took 29 milliseconds (ms) longer to name the colour of
the undesirable trait words compared to the desirable trait words, F(l, 10) = 19.3,p < .001.
This result was interpreted in support of the prediction that negative information was more

~
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important than positive information, as naming the colour of the undesirable trait words took
longer, and therefore interfered more, than naming the colour of desirable trait words.
Second, the authors conducted a Pearson product-moment correlation to ascertain how
much the degree of negativity (e.g., stimulus ratings from extremely negative to slightly
negative) was correlated with response latencies in comparison to valence (e.g., positive and
negative). It was postulated that if the degree of negativity were important, it would have a
higher correlation with mean latency compared to the valence ratings. Results indicated that
although using the degree of negativity ratings significantly correlated with mean latency (r =

-.23,p < .05), this was no higher than the correlation between the use ofvalenced ratings and
mean latency (r = -.23,p < .05). Because these values were equally weak, this method of
comparing correlations may not have been the most thorough way to assess arousal versus
valence. However, as there was no increase in the former correlation, the authors concluded
that the degree of desirability was not important, and therefore that negative stimuli no matter
the arousal, interfere with performance (Pratto & John, 1991).
Pratto and John (1991) did not adequately control the arousal value of their stimuli.
That is, their stimuli were rated only in terms of how desirable they were, with this
desirability ratfng supposed to reflect a measure of both the valence (i.e., desirable vs.
undesirable) and arousal (i.e., implemented as a desirability rating from extremely desirable to
slightly desirable) of the stimuli. As there was no objective rating of the arousal value of their
stimuli, it is possible that the stimulus lists were composed of an unbalanced number of
positive and negatively arousing stimuli. Indeed, when compared with the ratings from the
Affective Norms for English Words database, (ANEW, Bradley & Lang, 1999) many ofthe
positive words could be considered neutral (i.e., not arousing). Therefore, the conclusion that
positive information carries less weight in the perceptual system than negative information
may have been confounded by their stimulus choices.

~

Valence Versus Arousal 12

Moreover, when the order of the word lists, from 'more undesirable' to 'more
desirable' is compared to the corresponding word ratings in the ANEW database it is revealed
that the stimulus lists are incorrectly ordered, on both valence and arousal dimensions. For
example, 'rude' is at the top of one word list and 'stupid' near the end. However, according
to the ANEW database the word 'stupid' is more negative than the word 'rude'. In addition,
the word 'hostile' is placed in the middle of one of the stimulus lists however, according to
the ANEW database the word 'hostile' is more arousing than those words at the top ofPratto
and John's (1991) list, 'rude' and 'wicked'. While it is accepted that Pratto and John predate
the ANEW database, Pratto and John's experimental manipulation was confounded by the
inaccurate measurement of both valence and arousal, which is likely to have contributed to
the inconsistent results on the salience of these two stimulus properties. Their conclusion that
arousal was not an important dimension of emotion is therefore dependent on their potentially
confounded studies.
Later studies (e.g., Buodo et al., 2002; Schimmack, 2005; Verbruggen & De Houwer,
2007) have yielded conflicting results to those ofPratto and John (1991). It is therefore
recommended that researchers consider a replication and extension ofPratto and John with
these factors under the appropriate experimental control, to help resolve the inconsistency in
the literature, and to clarify understanding of the dimensional salience of valence and arousal,
respectively.
Evolutionary Threat Hypothesis
The evolutionary threat hypothesis rejects the idea that all negative stimuli bias
attention (Ohman, Lundqvist, & Esteves, 2001). Proponents of this view suggest that it is
threatening stimuli that capture attention automatically (e.g., Ohman & Flykt et al., 2001).
The stimuli most likely to influence attention in this way are those with a direct link to the

~
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events that threatened survival during evolution, for example, angry faces and snakes (Ohman
\

& Flykt et al., 2001; Schimmack, 2005). Therefore, it is predicted that threatening stimuli

with direct relevance to human evolutionary history will affect attention (Ohman &
Lundqvist, et al., 2001).
The task used by Ohman and colleagues (Ohman & Flykt et al., 2001; Ohman &
Lundqvist et al., 2001) more directly measured the perceptual facilitation received by
emotional stimuli than that ofPratto and John (1991). The visual search task was used, in
which the participant had to detect a target (e.g., an angry face) in a display surrounded by
distracting stimuli (e.g., neutral faces). In a set of experiments using simple drawings, it was
hypothesised that despite the number and type of distracting pictures, that threatening faces
would be detected faster than negative, positive and neutral faces (Ohman & Lundqvist et al.,
2001). In each of the five experiments, the results confirmed th~ hypothesis, as threatening
faces were detected faster than the negative, positive and neutral faces (Ohman & Lundqvist
et al., 2001).
Ohman and Flykt et al. (200 1) replicated these results with a different series of
threatening stimuli. In these experiments, the task was to search for pictures of snakes or
spiders embedded in a display of flowers or mushrooms, and vice versa. Results indicated
that detecting the snakes and spiders was significantly faster than the detection of mushrooms
and flowers, F(1, 24) = 22.29,p < .0001. This effect was also found despite the number of
distracting stimuli included in the display F(l, 29) = 38.46,p < .001.
The attribution of results to the threat value of stimuli could be considered consistent
with the arousal hypothesis. Inherent in threatening stimuli is some degree of arousal, as for
instance some of the images of snakes and spiders represented in the International Affective
Picture System database have high negative arousal ratings (lAPS, Lang et al., 2005).
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Although Ohman and Flykt et al. (200 1) selected the snake and spider pictures as threat
stimuli based on the theoretical notion that all humans have an automatic feature detection
system for identifying potential threat, the results of the Ohman and Flykt et al. (200 1) could
be viewed as consistent with the arousal hypothesis with specific reference to threatening
stimuli.
Arousal Hypothesis
Earlier in this review, it was argued that the explanation given by the categorical
negativity hypothesis in particular has contributed to the inconsistency in results and therefore
difficulty in understanding this area. Moreover, although at first the evolutionary threat
hypothesis may seem to be independent of the arousal hypothesis, the results of the Ohman
and Flykt et al. (2001) studies may in fact be consistent with the arousal hypothesis. The
purpose of this section is to illustrate how the arousal hypothesis may explain these
inconsistencies and difficulties in interpretation.
When arousal has been taken into account and compared to valence in an experimental
setting, results have indicated that arousal leads to the effect of emotion on performance, not
valence. Studies of reaction time behaviour demonstrate this effect and this will be described
in the first part of the section. A review of physiological evidence will be conducted in the
second part of this section, as this level of analysis is required to consolidate the idea that
arousal is key in the effect of emotion on performance.
One perspective that provides a comprehensive conceptualisation of valence and
arousal is the research on what is called motivated attention by Bradley, Lang, and colleagues
(e.g., Bradley & Lang, 2007b). The theoretical and methodological foundation of this set of
ideas is useful as it can provide an explanation of how valence and arousal relate to each
other. The research program being undertaken by Lang and colleagues is primarily concerned
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with exploring the idea of two motivational systems, one approach and one avoidant, that
organise human behaviour (Bradley & Lang, 2007a).
According to this view, the dimensions of valence and arousal reflect and correspond
to the activation in these two underlying motivational systems (Bradley & Lang, 2007a). For
example when a stimulus is rated as neutral, this can be seen to reflect activation in neither
motivational system, a low level of emotional arousal and consequently a low probability of
responding to the eliciting stimulus.
An increase in activation of either the approach or the avoidance systems reflects an
increased level of arousal and valence corresponds to the motivational system which is active,
approach (i.e., positive) or avoidance (i.e., negative). The relationship between valence and
arousal can be illustrated in terms of a situation where one system is activated over the other.
That is, a change in direction of behaviour depends on how arousing the stimulus is perceived
to be in addition to individual difference in learning history and temperament and the social
context (Bradley & Lang, 2007a). It is likely that these individual differences are consistent
over time, contexts and circumstances, and so are amenable to experimental investigation.
Furthermore, these two motivational systems can be activated simultaneously in
addition to operating independently (Bradley & Lang, 2007a). That is, a stimulus can be
perceived having elements of being positive as well as being negative, in a situation where an
individual is aroused, but behaviour is not directed at either approaching or avoiding the
object because both systems are simultaneously active. Although a stimulus can have both
positive and negative valence (approach-avoidance), it is not possible for a stimulus to have
both low and high arousal states. Highly valenced (in particular highly valenced negative)
stimuli presuppose high arousal levels, and it may not pos~ible (especially for negative
stimuli) to have highly valenced stimuli with low arousal levels. Hence, as the level of
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positive or negative valence increase, it is rated as more arousing. This analysis suggests that
the level of arousal determines the organism's response irrespective ofthe direction ofthe
affect.
In this way arousal can be understood to be the primary influence on performance in
comparison to valence. Therefore, for the purposes ofthis review, the notion of motivated
attention is useful, as an explanation of the relationship between valence and arousal is
elucidated. This is one feature not present in either categorical negativity or evolutionary
threat theory, where arousal is not explicitly taken into account.
Dual Levels of Analysis
Previous studies (Fox et al., 2002; Pratto & John, 1991) have suggested a valence
explanation of the effect of emotion on performance. As indicated in earlier sections of this
review, these studies did not adequately control for arousal and therefore, the relative
contribution of valence and arousal on emotional performance could not be ascertained. The
following section argues that when the psychological reaction time and physiological
evidence are considered, that the weight of evidence is consistent with the notion of a primary
contribution of arousal over valence with respect to emotional effects on performance.
Reaction Time as Measure of the Effect of Emotion on Performance

Anderson (2005) investigated the effects of valence and arousal on attention using the
attentional blink (AB) paradigm. This task required the individual to view a series of stimuli
(e.g., words presented one after the other) and report, in this case, two target words
highlighted in the colour green. After each presentation, the participant records the two target
words. After reporting the first target stimulus (T1), there is a delay in the identification of
the second target (T2). This is the attentional blink, and is proposed to reflect the limited
capacity of the perceptual system. Indeed, as the time between (i.e., lag) the display of target
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one and target two decreases the delay in reporting target two increases. Effectively the delay
is a result of impaired encoding of the second target (Anderson, 2005).
The relative salience of valence and arousal on performance may be assessed using
this paradigm by manipulating the stimulus dimensions of the second target word (Anderson,
2005). The second target words which are arousing (either positive or negative) should show
a reduction in delay, compared with non-arousing stimuli. Anderson (2005) investigated this
hypothesis in two experiments; the first compared three levels of arousal of negative words,
while the second compared three levels of arousal of positive words.
Forty students participated in experiment one, half were randomly assigned to the
negative word condition and half to the high arousal negative word condition (Anderson,
2005). The Tl stimuli were composed of neutral words, while the T2 stimulus lists were
varied on three levels of negative arousal. This included neutral (e.g., 'apple'), negative (e.g.,
'suffer') and high arousing negative taboo words (e.g., 'bastard'). In addition to manipulating
the arousal value ofthe word, the time between the presentation ofTl and T2 was also varied.
There were seven lags, ranging from lag one (no other items presented between Tl and T2) to
lag seven (six additional items between Tl and T2). Anderson (2005) used ANOVA and eta
squared to asceftail) the contribution of arousal and negative valence to performance. Hence,
the design used in this study directly assessed how perception can be shaped by emotional
stimuli.
Results indicated that attentional blink was reduced for negative words compared to
neutral words, and that the effect was further reduced for negatively arousing words
(Anderson, 2005). Lag significantly lengthened neutral word response compared with
arousing negative word response F(1,19) = 28.83, 11 2 = .60. Although accuracy ofT2 report
depended on lag F(l, 38) = 78.69,112 = .67, when the negative word condition was compared
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to the arousing negative word condition, accuracy in the arousing condition was less affected
by lag times, F(1, 38) = 4.31,11 2 = .10. Although these results support arousal, the obtained
effect was small but consistent.
The second experiment was designed to test the effects of arousal and positive valence
on attention. Thirty-six students participated and the task remained the same as in the first
experiment (Anderson, 2005). Stimuli were varied on three levels of positive arousal, ranging
from neutral (e.g., 'nails'), to mildly arousing positive (e.g., 'beauty'), to high arousal positive
(e.g., 'erotic'). Results indicated that the AB response reduced significantly for the arousing
positive condition compared to the positive and neutral condition.
The second experiment mirrored the results of experiment one, as at each increase in
arousal (i.e., from neutral, to positive to high arousal positive), the effects of lag
systematically diminished (Anderson, 2005). That is, report was less accurate for neutral
compared to positive items F(1, 17) = 6.28, 11 2 = .27, less accurate for neutral compared to
high arousing positive items F(1, 17) = 19.15,112 =.53, and less accurate for positive
compared to high arousing positive items F(1, 34) = 5.00, 11 2 = .13. Again, although the
effects of arousal are evident, the size of this effect was small but consistent
These results are consistent with the arousal hypothesis as both positive and negative
arousing words were detected faster and more accurately than low arousing and neutral words
(Anderson, 2005). The results are important for two reasons. First, the findings suggest that
arousal determines emotional performance. Second, the findings demonstrate that both
positive and negatively arousing stimuli affect emotional performance, rather than only
negative stimuli as postulated by the negativity hypothesis (Pratto & John, 1991).
From this study it seems that arousal is important as it alerts the system to what is
happening in the environment, and it could also be inferred that events are subsequently
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classified as either positive or negative. It may also be argued, however, that stimuli high on
positive and negative valence lead to the high arousal. Nevertheless, physiological evidence
shows that it is arousal that modulates for example skin conductance and the startle reflex.
From this it may be suggested that the explanation of the perception of arousal coming first,
followed rapidly by valence seems to have more evidentiary support.
Anderson's (2005) study supported the arousal hypothesis, and did not support a
dominating role for valence. Moreover, this study is inconsistent with the categorical
negativity and evolutionary threat hypotheses, in that both would have predicted reduced
reaction times for only negatively arousing stimuli, and for categorical negativity, no
difference between accuracy for both negative and negative arousing conditions. However,
more evidence from a number of different paradigms is required before clear conclusions may
be drawn; the effects from this one study show that that the dominance of arousal is relatively
small.
Schimmack (2005) also compared the effects of valence and arousal on performance,
however his study directly assessed the predictions made by each of the three hypotheses. In
two experiments Schimmack tested the relative contribution of categorical negativity, arousal,
and evolutionary threat to performance using two different reaction time tasks.
Twelve different picture types were used, systematically varied to assess categorical
negativity, evolutionary threat and arousal (Schimmack, 2005). Valenced pictures included
three levels of pleasantness and three levels of unpleasantness and neutral pictures (e.g., a car
wheel). These levels included mild pleasant pictures (e.g., brownies), moderate pleasant (e.g.,
cherry tree), strong pleasant (e.g., a baby), mild unpleasant (e.g., trash can), moderate
unpleasant (e.g., prison cell), and strong unpleasant (e.g., a battered woman). Each picture
was also rated on arousal, and evolutionary threat pictures were images of snakes.
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In the first experiment, the task required participants to solve math problems (e.g., 3 x
5 < > 2 x 8). At different times throughout each trial, the pictures would appear on the screen
(i.e., before, during, or after the math problem). Analysis of variance was used for the
analysis of general effects, with hierarchical linear modelling (HLM) used for more detailed
analysis (Schimmack, 2005). This task used a measure of interference and therefore
demonstrated the impact of emotional information on ongoing cognitive processing,
compared to Anderson's (2005) study in the effects of emotion on perception.
For the evolutionary threat hypothesis to be supported, maths problem reaction times
on snake picture trials would have to be longer than those reaction times on other picture
trials. Results however, revealed that RT for snake picture trials were significantly faster than
in the other trials y01 t(125) = 3.16,p < .01. Similarly, when all negative pictures were
compared to all other pictures no significant effects were found y01 t(125)

=

.20,p >.50.

Therefore, the results were not consistent with either the predictions of the evolutionary threat
hypotheses or those of the categorical negativity hypothesis. Indeed, the results are contrary to
expectation, in that the presence of snake picture improved reaction times for maths problems.
The reasons why this result occurred are unclear, and therefore this experiment deserves
replication.
However, the results did show a significant increase in the RT on the arousing pictures
trials, and a low size of effect t(125) = 7.11, p < .001 r = .3 7. Moreover, increases in arousal
linearly increased RT, as for every increase in arousal by one standard deviation, reaction
times increased by 40ms.
Therefore, the first study found some support for the arousal hypothesis. However,
one possible confound was the complexity of the task used to measure reaction times
(Schimmack, 2005). Because of this, the second experiment adopted a simpler task. Using
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the same stimuli, the task in study 2 required the participant to detect the location of a black
line presented above or below each picture.
The analysis of variance revealed a significant effect for picture type F(11, 638) =
1 L.97,p < .01, 11 2 = .17. For analysis ofthe specific predictions made by each theory, HLM in
full was used. Line detection for the snake picture trials was significantly faster compared to
other trials

('t' t(59) = 2.14,p < .05).

This finding seems odd and goes against predictions

made by all three hypotheses. The authors could not explain this, although it seems possible
that there was an interaction between the line detection and snake detection, and this
contributed to this odd result. This unexplained effect occurred in study 1 and 2, suggesting
that replication using other threat stimuli such as spiders and lions may be warranted.
Moreover, there was no difference in line detection RT between negative, and neutral and
positive stimuli

·t' t(59) = 1.61,p > .10.

In contrast, line detection RT for arousing pictures was significantly longer than for
non-arousing pictures t(59) = 5.91, p < .0001, r =.50. Further, it was calculated that for every
increase in arousal by one standard deviation, reaction time was delayed by an additional 24
ms (Schimmack, 2005).
Taken together the evidence provided by Anderson (2005) and Schimmack (2005)
demonstrated the importance of arousing information in the effect of emotion on
performance, over and above the effects elicited by low arousing, valenced stimuli. The
results of both of these investigations were inconsistent with categorical negativity as both
positive and negative arousing stimuli influence performance more in comparison to low
arousing positive and negative stimuli. In addition, Schimmack (2005) demonstrated that
evolutionary threat relevant images (snakes) did not lead to an increased delayed R T in
comparison to other arousing images. However this is a contradictory finding because the
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snake images seemed to have stimulated performance, one that needs to be reviewed to
ascertain if there were any underlying problems with those snake images used, or with the
integration of the line detection and snake detection inhibitor as explained earlier.
The studies reviewed here show the effects of emotion over cognitive processing at
perception (Anderson, 2005), extending to ongoing processing and problem solving
(Schimmack, 2005). Although these tasks addressed different aspects of information
processing, they provide support for the arousal hypothesis, both in comparison to the
categorical negativity and the evolutionary threat hypotheses.
Physiology as Measure of the Effect ofEmotion on Performance

In this section, evidence from physiological studies will be investigated to consolidate
the reaction time evidence with respect to the relative salience of valence and arousal on their
effects on performance.
Most physiological researchers focus their study according to one induction context
because there is differential activation in response to different stimuli (e.g., pictures vs.
sounds). For example, Cuthbert, Schupp, Bradley, Birbaumer, and Lang (2000) focus on the
neurological and physiological patterns of activation to affective pictures. When individuals
see emotional pictures, there is a reliable activation of the anterior cingulate, the insula,
occipital cortex and the amygdala (Bradley & Lang, 2007a).
The amygdala in particular has received extensive attention by researchers as one of
the centres of emotion in the brain (Clark, Boutros, & Mendez, 2005). LeDoux (1994)
proposed that when an emotional stimulus is perceived (e.g., a snake) this information travels
from the layers of cells in the retina through the optic nerve to the thalamus, through to the
occipital cortex and to the amygdala. Emotional memories are triggered through this process,
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and can lead to physiological and behavioural changes through connections with the
prefrontal cortex (Gazzaniga, lvry, & Mangun, 2002; LeDoux, 2000).
The basic principle behind these studies is that when an individual is emotionally
engaged, this can be revealed through looking at images of their brain (Bradley et al., 2003).
The visual cortex is another commonly studied area using brain imaging techniques (e.g.,
functional magnetic resonance imaging, FMRI) because of its 'processing loop' with the
amygdala (Bradley & Lang, 2007a; Bradley et al., 2003). Both positive and negative arousing
pictures have been found to activate the amygdala and visual cortex (Bradley & Lang, 2007a).
Bradley and colleagues (2003) investigated this further, measuring the functional
activity in the visual cortex in response to high and low arousal (positive and negative)
images. Eighteen male university students (M = 18.6 years) participated in a passive viewing
task. Each participant viewed 56 pictures of varying emotional ·arousal, and the scans were
processed during the 12-second picture presentation period. Results indicated that there was a
significant difference in functional activity for emotional picture content F(6, 96) = 7.56,p <
.01. Specifically, the more arousing the picture was (positive and negative) the more
functional activity was recorded in the visual cortex F(1, 16) = 21.45,p < .01.
The focus of the Bradley et al. (2003) study was on arousal, and as their hypotheses
w~re

confirmed there was no specific discussion on patterns that could be attributed to

valence. For example, the finding that even though erotic and family picture content was
rated as equally highly positive, the erotic content received the greater and stronger activation
of the visual cortex in comparison to the family images. This was strong evidence for these
authors on the modulating influence of arousal.
Further physiological studies have used other measures to support the importance of
the arousal dimension of emotion (e.g., Adolphs, 2004; Cuthbert et al., 2000; Kensinger &
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Schachter, 2005; Mourao-Miranda et al., 2003). Other physiological measures through which
the effects of emotion on performance have been tested include electrodermal, somatic,
cardiovascular, reflex, gastric, respiratory, central and neuroendocrine systems (Bradley &
Lang, 2007a).
Bradley, Codispoti, Cuthbert, and Lang (2001) investigated the patterns of heart rate,
skin conductance, facial currogator, startle reflex, and zygomatic and orbicularis oculi
muscles in response to affective pictures. Ninety five (50 females) students participated in
this study, viewing a series of 72 pictures while the physiological responses were being
measured. Results indicated that skin conductance varied as a function of arousal, for both
negative (F(1, 94) = 26.92,p < .0001) and positive (F(6, 88) = 8.89,p < .01) pictures. For
startle reflex, when pictures were ordered according to mean arousal ratings, there was a
significant linear trend for both negative (F(l, 83) = 22.62,p < .,001) and positive (F(1, 84) =
8.47,p = .005) pictures indicating that for arousing stimuli the there was a larger startle reflex
compared to neutral stimuli. Only highly arousing positive stimuli significantly affected
initial magnitude of heart rate acceleration (F(6, 87) = 3.12,p = .008) and deceleration (F(6,
87) = 2.34,p = .038. In relation to facial activity, the corrugator EMG responded most to the
highly arousing unpleasant pictures, while activity in the zygomaticus and orbicularis oculi
was more variable (Bradley et al., 2001; see Bradley & Lang, 2007a; Bradley and Lang,
2007b for comprehensive reviews).
Hence, the evidence suggests that arousal irrespective of negative or positive valence
is an important dimension of emotion. However, because effect sizes were not reported, the
differential strength of these effects for negative versus positive stimuli could not be
ascertained. Therefore, the finding that the arousal dimension did not modulate the
measurement of facial expression may be important, as an indication that valence is also
important, but has a lesser influence than arousal.
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Applying an Individual Differences Framework to the Study of Valence and Arousal
Research in the previous sections of this review have shown that arousal is an
important dimension of emotion using evidence from reaction time studies, neuropsychology
and physiology (Anderson, 2005; Bradley et al., 2001; Bradley et al., 2003). Nevertheless, it
is acknowledged that the focus has been on results obtained from group based analysis.
Although this research has provided an indication of the importance of arousal, and the lesser
importance of valence to the effect of emotion on performance, important information is lost
when only relying on group results (Kosslyn et al., 2002).
Bradley and Lang (2007b) acknowledged the importance of individual differences in
picture perception. What is found most arousing for one individual will differ to that of the
next individual. However, considering individual differences is not common practice in this
area (Bradley & Lang, 2007b). The link between emotion and individual differences is clear,
as what is more idiosyncratic than an individuals' emotional contour? For instance, consider
a picture of a gun pointed directly at the viewer. One person might respond to this picture
with indifference and rate it as mildly negative and low arousing. This person may partake in
shooting as a recreational activity and is therefore desensitized to guns. Alternatively, a
person who has experienced trauma involving a gun is likely to rate the image as highly
negative and arousing. These two individuals will display different patterns behaviour,
reaction time and physiological activation in response to the gun image.
In terms of reaction time, although it may be evident that arousal is more important
than valence, when these two results of the gun ratings are averaged, the precise nature of
each individual's data is lost. As highlighted in Williams et al. (1996) the degree of personal
concern inherent in the experimental stimuli is more potent in affecting performance than
valence. For instance, Mathews and Klug (1993) used an emotional Stroop task to compare
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the levels of interference in colour naming for anxious (generalised anxiety disorder n = 11,
panic disorder n = 6, social phobia n = 3) compared to non-anxious controls (n = 20). The
emotional words were judged and rated for their relevance (both positive and negative) to
concerns shared by these three classes of anxiety (e.g., 'panic', 'dying' & 'competent').
Results indicated that the effects of valence did not differ between anxious and control
groups F(1, 3 8) = 1.52, p = .23. For the control group the anxiety related words did not lead
to significantly more interference than unrelated emotional words F(l, 19) = .65. However,
for the anxious group related words led to significantly more interference than the unrelated
words F(l, 19) = 8.9,p < .01. Therefore, despite the valence ofthe stimuli, only words
related to the individual's current concerns impacted performance. This is a clear illustration
of the import of arousal (i.e., the relevant words were arousing to the anxious group) but more
specifically, it demonstrates the effect of individual differences

~n

picture perception. Indeed,

for the anxious participants both the words 'panic' and 'relaxed' led to interference in colour
naming. However, as objectively rated in the ANEW database (Bradley & Lang, 1999) the
word panic is highly negative (M = 3.12) and highly arousing (M = 7.02) and relaxed is highly
positive (M = 6.4) and non-arousing (M = 3.2). Therefore, it is evident that what is valenced
and arousing is determined by the individual, and can deviate markedly from standardised
stimulus lists. Although this is an extreme example representing a clinical group, it
nevertheless illustrates the differences in individual responses to emotional stimuli.
Another example of the individual differences in the perception of valence and arousal
was demonstrated in one classic study by Carl Jung (1907). In Jung's first experiment, a
series of stimulus words were read out and the task required the participant (N = 1) to
verbalise one word they associated with the stimulus word. Jung measured how long it took
the participant to respond to each stimulus word. After this task, the participant was required
to recall her answers. Four interesting patterns emerged. Out of 13 trials, the participant had
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four reaction times above 2 minutes. For instance, the reaction time to the word 'water' took
5 minutes and the word 'lake' took4 minutes. Incorrect recall occurred only on those trials
that delayed reaction time. This is another example of the extent of deviation from
standardised group ratings. For example, the word 'water' is rated in the ANEW database
(Bradley & Lang, 1999) as highly positive (M= 6.61) and not arousing (M= 4.97). The word
'lake' in the ANEW database is rated as highly positive (M= 7.10) and neutral (M= 3.86).
However, because these words led to such a marked disruption in the participant's
performance, it is evident that they were considered highly arousing and negative to this
individual. Jung (1907) further revealed that this individual had experienced certain events
which had led to a momentary contemplation of suicide by drowning. Therefore, although
these methods are in some ways removed from mainstream studies of emotion, Jung still
demonstrated the value of an individual differences approach and the marked variation in
individual compared to group judgements of emotion.
This section of the review argued that there are differences in the initial perception of
a stimulus, and so there is considerable individual variation in response to psychological
experiment. However, as this review demonstrated, the continued focus remains on group
results. Given the marked variation in an individual's perception of emotional stimuli, the
systematic documenting of idiosyncratic patterns of response is considered a fruitful direction
for further research (see also Kosslyn et al., 2002).
Recommendations and Conclusions
This section addresses potential research that can address gaps in the current
investigation of first, the effects of valence and arousal at different stages of cognitive
processing, second, methods to integrate research from across levels of analysis, and third, the
reliance on group based methodology.
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Although this review attempted to integrate and provide an explanation for the diverse
results in this area regarding the relative salience of valence and arousal, more work remains
to be done. For instance, further research is required to give an understanding of the relative
influence of these two dimensions on different stages of processing. As highlighted by
Anderson (2005) much work remains to be done on the level of how emotion shapes
individual's perception, and the relative salience of valence and arousal in this process.
The second area in need of further development regards the theoretical and
methodological integration across different levels of analysis (e.g., Davidson, 2003).
Although this may occur with large, well funded, multi-disciplined research programs, there
are opportunities for integration in smaller scale projects. For example, the main problem
identified in this review was the inconsistent measurement of the valence and arousal
dimensions in emotional stimuli. One factor that contributed to this is the lack of available
standardised stimuli sets rated on both dimensions. However, researchers from the NIHM
Center for the Study of Emotion and Attention (e.g., Bradley & Lang, 2007b) have compiled
standardised databases of affective pictures, words and sounds for the exact purpose of having
a database that can be used to both assess different levels of analysis, in addition to providing
a consistent poql of affective stimuli adequately rated on both dimensions of valence and
arousal. Therefore, the use of such resources contributes to both aims of tighter stimulus
control and the ability to compare across levels of investigation.
Third, the reliance on group research in this area highlights the gap in an
understanding of the individual differences in picture perception. This reveals an opportunity
to conduct studies on the relative influence of valence and arousal analysed on an individual
level. As Kosslyn et al. (2002) notes, individual differences are a rich source of information
and when integrated with a group based result, can provide explanations above and beyond
that focused on by either approach independently. Although there has been some work on
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individual differences in picture perception (e.g., Greenwald, Cook, & Lang, 1989; Lang,
Greenwald, Bradley, & Hamm, 1993), it has not been a focus of research in this area (Bradley
& Lang, 2007b). Therefore, there is scope for an investigation of the variation in individual's

ratings of affective pictures. For example, a potentially fruitful direction may be to explore
the correlation between emotional perception, evaluations, physiology and personality.
The inconsistency in experimental studies pertaining to the relative influence of
valence and arousal was identified and considered a problem for understanding in this area.
Through a critical analysis of studies across perceptual, behavioural and physiological levels,
it was demonstrated that one main reason for this inconsistency was the relative control of
stimulus valence and arousal. When both ofthese dimensions have been accurately measured
and systematically varied, the arousal dimension was demonstrated as a more important
contributor to the effect of emotion on performance.

Additional~y,

the value of taking an

individual differences perspective was identified as a rich area for future research, as the
contemporary focus in this domain remains on group based results. Hence, it was possible to
explain the inconsistencies in this area through an analysis ofthe measurement of the valence
and arousal dimensions of emotion. In addition, systematic study of the effects of individual
differences is likely to provide more understanding of the dimensional salience of valence and
arousal.
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The Dimensionality of Emotion and Individual Differences
Abstract
This explorative study tested the relative contribution of valence and arousal to ratings of
emotionality, and the potential for an individual differences approach to increase the
explained variance in comparison to a group based approach was assessed. Thirty female
participants were recruited from the psychology student population at Edith Cowan
University. A ratings task was used, whereby participants had to rate a set of affective
pictures in terms of overall emotionality, valence and arousal. The arousal hypothesis would
predict that the highly arousing pictures, despite their valence, would have the biggest effect
on performance. The Friedman and Wilcoxon non-parametric tests were used to analyse the
data. From phase I, results indicated that both valence and arousal had a significant effect on
emotionality ratingp < .05. However, effect sizes revealed that'arousal could explain 11.6%
ofthe variance, in comparison to the 1.4% explained by valence. Phase II results revealed that
an added 15% ofthe variance could be explained when individual differences were accounted
for. These results are consistent with the arousal hypothesis, and highlight the power of an
individual based design. There are many potential projects for further research, for instance,
adapting the present design to investigate stimulus-limited effects on emotional perception
which would then allow investigation of the relative contributions of valence and arousal
across a time course.
Author: Leah Braganza
Supervisor: Dr. Ken Robinson
Submitted: May 2008
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The Dimensionality of Emotion and Individual Differences
The structure of emotion may be separated into two dimensions of valence and arousal
(Mehrabian & Russel, 1974). Whereas valence refers to the quality ofthe emotion as either
positive or negative, the arousal dimension accounts for the intensity of that positive or
negative experience (Kensinger & Schacter, 2006; Power & Dalgleish, 2008). These two
dimensions have not always been accurately measured in research investigating the effect of
emotion on performance (Schimmack, 2005). It is argued that because of inconsistency in the
operationalisation of these dimensions, divergent conclusions exist in the literature
concerning the relative contribution of valence and arousal to emotion.
The inconsistency in operationalisation is probably best explained by reviewing the
three main hypotheses in this area: the categorical negativity hypothesis (Pratto & John,
1991), the evolutionary threat hypothesis (Ohman, Lundqvist,

&Esteves, 2001) and the

arousal hypothesis (Bradley & Lang, 2007a). One of the reasons for the inconsistency is the
relatively independent development of these hypotheses (Schimmack, 2005). Schimmack
(2005) provided one of the first reviews of each of the three hypotheses, and has tested the
effects of valence and arousal using predictions made by each of the hypotheses. This
integrative approach used by Schimmack can help in the understanding of this diverse field.
Another reason for the inconsistency is methodological implementation, in the way
each study measures the two dimensions. Concerning studies with non-clinical samples, the
combined literature shows that when both valence and arousal have been accurately
measured, it is arousal that is found to influence emotional performance more than valence
(e.g., Schimmack, 2005). However, when arousal has not been considered or not measured
accurately, valence is considered to be the primary dimension of emotion.
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The study by Pratto and John (1991) represents the main support for the categorical
negativity hypothesis. Pratto and John argued that humans have an inbuilt tendency to
categorically evaluate their perceptions of the world around them. In terms of emotion,
individuals are said to evaluate events in terms of how positive or negative they are. First,
because of the desire to avoid negative events, Pratto and John proposed that negativity is
more important for emotion and attention compared to positive events. The negative valence
of an event is therefore ascribed to have more importance than the intensity of that event in
affecting emotion.
In a test of the influence of negative valence on task performance, Pratto and John
(1991) conducted an adaptation of the Stroop paradigm. The participants had to name the
colour of 80 different trait adjectives (e.g., the word 'wicked' printed in green ink), where the
trait words differed in terms of how desirable they were, from

e~tremely

undesirable/desirable, to slightly undesirable/desirable. The negative ('undesirable' traits)
words took significantly longer to name in comparison to the positive ('desirable' traits)
words (p < .001). Furthermore, no difference was found between how long it took for the
participants to respond to the extremely negative compared to the slightly negative words, and
so Pratto and John concluded that negative valence dominated emotional performance.
These results were used as evidence that valence is more important than arousal.
However, when the actual stimuli were analysed, it was evident that the valence and arousal
qualities of these stimuli had not been accurately measured. When the Affective Norms for
English Words (ANEW; Bradley & Lang, 1999a) database was used to analyse Pratto and
John's (1991) stimuli, it became evident that the word lists ofPratto and John were
inappropriately rated. The positive word list contained words at a lower level of arousal than
the negative word list, with the negative word lists having a mix of high and low arousal
words populating both the extreme and slight negative emotion word lists. The Pratto and
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John study, which predated Bradley and Lang (1999a), represents the main support for the
categorical negativity hypothesis, and it would appear that the valence and arousal properties
of the affective stimuli were not independently manipulated, and were therefore confounded.
The evolutionary threat hypothesis proposes that threatening stimuli with direct links
to human evolutionary history (e.g., angry faces & snakes) will influence task performance
more than stimuli that are not threat related (Ohman, Flykt, & Esteves, 2001; Ohman,
Lundqvist, & Esteves, 2001). Ohman, Flykt, and Esteves (2001) tested the perceptual
facilitation that snakes and spiders received in comparison to flowers and mushrooms (i.e., the
target stimuli). Pictorial stimuli were presented in a 3 x 3 matrix. The task required the
individual to press a button when they detected the target stimuli within the matrix. For
example, when the participant detected the snake picture amongst the mushroom pictures, or
vice versa, they would have to indicate this with a button press .. Ohman and Flykt et al.
(200 1) found that the snakes and spiders were detected significantly faster in comparison to
the flowers and mushrooms (p < .001). These authors demonstrated the effects with differing
matrix sizes and for individuals who did and did not have a particular fear of snakes.
However, in each of the experiments, measurements of effect size were not given so the
magnitude of this difference in perception between fear relevant and fear irrelevant stimuli
cannot be established from this study.
In Ohman and Flykt et al. (2001) and in Ohman, Lundqvist, and Esteves (2001), the
stimuli hypothesised to facilitate perception were the threatening, or fear relevant pictures.
The dimensionality of emotion was not specifically addressed when threat was
operationalised. However, it would appear that fear relevant stimuli (i.e., snakes and spiders)
are inherently more arousing than the non-fear relevant stimuli (i.e., flowers and mushrooms).
This is important, as it may be possible to explain the results of experiments that support the
evolutionary threat hypothesis by the arousal hypothesis.
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Buodo, Sarlo, and Palomba (2002) compared threatening and high arousal stimuli in a
reaction time task. The threatening pictures (e.g., attack/violence) were equated on level of
arousal with the other type of high arousal negative pictures (e.g., blood/injury). Two types
of high arousal positive images were also included in the design (e.g., adventure/sport &
erotic) and equated on level of arousal. Neutral pictures consisted of images of household
items. The task required participants to press a button when they heard a tone presented while
viewing each picture. Results indicated that reaction times were significantly delayed
(p < .0001) while viewing images of blood/injury and erotica compared to threat and

adventure/sport.
The Buodo et al. (2002) study demonstrated that threatening images delayed reaction
times more than neutral pictures. Although this finding corroborated the results of Ohman
and Flykt et al. (200 1), Buodo et al. also demonstrated that this

~ffect

was modulated by the

level of arousal of the stimulus types. Therefore, while threatening images are important for
fast perception and continued processing, this may be explained by the level of arousal of the
particular threatening stimuli, and not necessarily by a categorical association with
evolutionary threat.
In light of the evidence of Buodo et al. (2002), it is possible to argue that the
evolutionary threat hypothesis may be explained by the concept of arousal. Thus the
evolutionary threat hypothesis may be conceptualised as subsisting under a broader arousal
hypothesis. Although evolutionary threat does not necessarily explain the facilitation
received by high arousal positive stimuli, it may be thought of as an explanation having
specific relevance to instances of high arousal threatening, and therefore negative, stimuli.
The arousal hypothesis has been attributed to the work of Bradley, Lang and
colleagues (e.g., Bradley & Lang, 2007a, 2007b). These individuals have research programs
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extending from across the behavioural (e.g., Anderson, 2005) to the physiological domains
(e.g., Adolphs, 2004; Bradley, Codispoti, Cuthbert, & Lang, 2001; Cuthbert, Schupp, Bradley,
Birbaumer, & Lang, 2000; Kensinger & Schachter, 2006; Mourao-Miranda et al., 2003). This
work has led to the development of the International Affective Picture System (lAPS; Lang,
Bradley, & Cuthbert, 2005), the Affective Norms for English Words database (ANEW;
Bradley & Lang, 1999a), and the International Affective Digitised Sounds system (lADS;
Bradley & Lang, 1999b) all rated in terms of valence and arousal. Much of the research
investigating both valence and arousal uses these databases to gain accurate measurement and
control over the stimulus dimensions.
On a behavioural level, Anderson (2005) used the attentional blink (AB) task to
compare the effects that valence and arousal have on perception. In this task, the participant
viewed a series of stimuli (e.g., words presented one after the other) and reported, in this case,
two target words highlighted in the colour green. The attentional blink effect is observed
when the report of the second target word is delayed. As the time between (i.e., lag) the
targets decreases, the delay in reporting the second target increases. This is thought to be a
result of impaired encoding of the second target.
The relative salience of valence and arousal on emotional performance may be
assessed using this paradigm by manipulating the stimulus dimensions of the second target
word (Anderson, 2005). The second target words that were arousing (either positive or
negative) showed a reduction in delay, compared with non-arousing stimuli. The results of
two experiments showed that at each increase in arousal (i.e., from neutral, to
positive/negative to high arousal positive/negative), the effects of lag systematically
diminished. These results provide evidence for the arousal hypothesis as both high arousing
positive and negative arousing words were detected faster and more accurately than low
arousing and neutral words (Anderson, 2005).
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One limitation of the Anderson (2005) study was that a direct comparison of positive
and negative stimuli was not carried uut as the two experiments examined each dimension
separately. To definitively assess the effects of arousal over valence, the attentional blink
effect would have to be demonstrated to be equal for positive compared to negative stimuli.
Although using a different task to that of Anderson (2005), Schimmack (2005)
directly compared positive and negative valence within the same experiment. Schimmack
compared the emotional effects of valence and arousal on cognitive performance. In two
experiments, Schimmack tested the relative contribution of categorical negativity, arousal,
and evolutionary threat to cognitive performance using two different reaction time tasks. The
first task required the participant to solve maths problems either before, after or during, seeing
an emotional picture. Results indicated that reaction time was significantly delayed when
solving math problems (p < .001) only in response to the highly. arousing pictures. The effect
of arousal was confirmed in the results of the second task, requiring participants to indicate
the location of a line located either above or below an emotional picture. In comparison to the
other picture types, when the line was presented bordering a high arousal picture, reaction
time was significantly delayed (p < .0001).
The effects of arousal over valence have therefore been demonstrated on two levels.
Schimmack (2005) demonstrated how emotional stimuli impair performance on a secondary
task (i.e., math problem and line detection), whereas Anderson's (2005) showed that
emotional stimuli facilitated detection performance. Taken together, the evidence provided
by Anderson and Schimmack demonstrated the importance of arousal on emotion, over and
above the effects elicited by low arousing, valenced stimuli. Highly arousing stimuli were
detected faster (Anderson, 2005) and significantly impair cognitive performance (Schimmack,
2005). Both of these investigations are inconsistent with the categorical negativity hypothesis
as arousing stimuli had similar effects whether they carried a positive or negative valence.
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Moreover, this pattern of results is not compelling for the evolutionary threat hypothesis
because, as Buodo et al. (2002) demonstrated, negative stimuli which have a higher arousal
level than threatening stimuli interfere more in task performance. Furthermore, Schimmack
found no evidence for task performance interference on the snake picture trials.
There is also substantial evidence for arousal on the physiological level of analysis.
For example, Kensinger and Schacter (2006) found a pattern of increased and strengthened
activation of the amygdala in response to highly arousing information, irrespective of valence.
Similarly, Bradley et al. (2003) found heightened activation of the occipital cortex when
individuals viewed highly arousing pictures, in comparison to low arousing pictures. There is
also substantial evidence for modulation of the startle reflex, cardiac deceleration, skin
conductivity and event recorded potentials by high versus low arousing stimuli (Bradley &
Lang, 2007a; Bradley, Codispoti, & Cuthbert et al., 2001;

Cuth~ert

et al., 2000).

It seems reasonable to assume that a task that directly accesses emotion might yield

more information regarding the relative salience of valence and arousal. If such an alternate
task were to be conducted, it would be preferable to use a simple rating task, rather than
having to deal with the complexities of secondary interference tasks as used by Schimmack
(2005).
Work in this area should further adopt standardised operational definitions of valence
and arousal, to make results comparable across studies and research laboratories. The
International Affective Picture System (Lang et al., 2005) provides this opportunity, as it is a
database compiled of pictures rated by both male and females, with standardised ratings of
both valence and arousal.
Additionally, it would appear that this area may benefit from an individual differences
approach. As Kosslyn et al. (2002) note, a full appreciation of a psychological effect cannot

~

Valence Versus Arousal 4 7

be gained alone from group research. The nomothetic approach can provide an area with
general knowledge about trends and -reactions shared by people, and with the further
integration of an individual differences perspective, more can be learnt about the intricacies of
these phenomena (Kosslyn et al., 2002). Indeed, one of the only consideration for individual
differences in this literature has been that between males and females, as when people look at
pictures there are significant differences mainly in the areas of highly arousing negative (e.g.,
blood/injury) and highly arousing positive (e.g., erotica) stimuli for males and females
(Bradley, Codispoti, Sabatinelli, & Lang, 2001). Therefore, in addition to group based
research, what is needed in this area is an approach that takes individual differences into
account in the processing of valence and arousal.
The rationale for this present exploratory research was to directly measure emotion
using a rating scale, and to incorporate individual differences into the analysis. Participants
were asked to complete a simple judgement task of emotional pictures drawn from a
standardised database systematically varied on levels of valence and arousal. It was
hypothesised that highly arousing images, despite their positive or negative valence, will
determine the emotionality rating. This would be consistent with the arousal hypothesis
(Bradley & Lang, 2007a). In contrast, the categorical negativity hypothesis (Pratto & John,
1991) would provide a strong prediction that negatively valenced images determine the
emotionality rating, irrespective of arousal. With respect to the evolutionary threat
hypothesis, although the experiment was not designed to test it directly using naturalistic
threat stimuli, it would be expected that arousing negatively valenced images would
determine the emotionality rating. In addition, and in accordance with the Kosslyn et al.
(2002) argument to include individual differences, it is hypothesised that the analysis
integrating individual differences will account for more of the explained variance in
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emotionality ratings in comparison to the analysis based on group ratings of valence and
arousal.
Method
Design

A within-subjects design was used, where the dependent variable was operationalised
as the participant's rating of the overall emotional quality ofthe picture. There were five
levels of the independent variable. Specifically, there were high arousal negative and positive
pictures, low arousal negative and positive pictures and neutral pictures.
Participants

Thirty female participants (ages: M= 34.6 years, SD = 11.7 years) were recruited from
the psychology student population of Edith Cowan University (ECU). All participants had
normal or corrected to normal vision. Males were excluded in this study because of the
significant gender differences found when viewing emotional pictures (Bradley et al., 2001)
Materials

The stimulus presentation software, SuperLab version 4.0 (Cedrus Corporation, 2006),
was used to undertake the experiment. The stimuli were drawn from the female subjects list
of the International Affective Picture System (Lang et al., 2005). As evident in Figure 1
below, stimuli were rated by valence and arousal, and placed into five categories: high arousal
positive and negative stimuli, low arousal positive and negative stimuli and neutral stimuli.
There were nine pictures in each category, making a total of 45. Each picture was displayed
the size ofthe computer screen (1024 x 768) pixels.
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Valence
Positive

Negative

High

Arousal

Low

Neutral
Neutral

Figure 1. Examples of each of the five picture types: high arousal negative, high arousal
positive, low arousal negative, low arousal positive and neutral.
The lAPS ratings range from 1 to 9. A rating of 1 on the valence dimension indicates
negative emotion, whereas 9 represents positive emotion. On the arousal dimension, 1 to 9
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represents low to high arousal. To select the pictures for this study, both valence and arousal
lists were separated into three categories. To control for valence, pictures rated from 1 to 4
were classified as negative, ratings from 4 to 6 were considered neutral and ratings from 6 to
9 were considered positive. To control for arousal, pictures rated from 1 to 4 were considered
low arousing, ratings of 4 to 6 were classified as neutral and 6 to 9 indicated a high level of
arousal.
After the list had been rated in order of both valence and arousal, the list rated by
arousal was further divided into separate lists for low, neutral and high arousal pictures. The
low and high arousal lists were then sorted according to valence. As a product of this process
both high and low arousal lists were separated to represent high arousal positive (HAP), high
arousal negative (HAN), low arousal positive (LAP) and low arousal negative (LAN). Neutral
stimuli were selected through the same process, and represented values between 4 and 6 on
both valence and arousal dimensions.
Each stimulus list was ranked from the highest rating to the lowest rating in each of
the five sets. There were two picture selection criteria. These criteria mainly affected
selection from the high arousal lists. First, of the positive lists, erotic content (e.g., candid sex
scenes, complete nudity of same or opposite sex models) was excluded. Second and
concerning the negative lists, mutilation (e.g., victims of disease) and excessive blood/injury
(victims of attack/natural disaster) picture content were excluded. Therefore, pictures were
selected from the top of each list in a descending order, pending their relation to content of the
above criteria.
As evident in Figure 2, the five-point Self Assessment Manikin (SAM) was used as
the rating instrument for each picture (Lang et al., 2005). The SAM was used to rate the
pictures in the lAPS database and can be used as a five point or nine point rating scale. It is
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noted that the lAPS pictures were originally rated using the nine point scale, however the five
point was considered more appropriate for this task as it was considered a simpler choice
response for participants. In addition, Lang et al. (2005) implies that either scale may be used.

In the present experiment a low rating corresponded to more highly emotional, high intensity,
and positivity. This represents a point of departure from Lang et al. (2005), where a low
rating would correspond to a low intensity and extreme negative valence.

Overall, how emotional do you find this picture?
very emotional

neutral
2

very unemotional
4

3

5

How intense would you rate this picture?
very calm

neutral

very intense

1

4

3

5

+

How pleasant would you rate this picture?
neutral

very pleasant
2

3

very unpleasant
4

Figure 2. This illustrates the process of one trial. The fixation remained on the screen for 1

second, immediately followed by the affective picture for a duration of 4 seconds. The
emotionality question always appeared first after the picture, followed by either the arousal
question or valence question.

5
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Procedure

Participants were tested individually in quiet rooms in the Psychology department.
After signing the consent form and filling out demographic information, the participant read
the instructions (see Appendix A). The instructions were adapted from those given in the
original testing for the compilation of the lAPS pictures (Lang et al., 2005). The instructions
stated that after viewing each picture, the participant would have to rate each picture in terms
of general emotionality, valence, and arousal. One slide was shown on the computer screen to
illustrate the correspondence of each of the five points to the figures on the SAM scale. After
the participant had read the instructions, the process was explained again and any questions
answered before they commenced the task.
The task began with a practice phase consisting of four trials. The experimental phase
began immediately after the practice. Trials started with a fixation point that remained on the
screen for one second. Following this, the picture was presented for 4 seconds, followed
immediately by the three test questions. The trial waited for a response for each of three
decisions (emotionality, valence and arousal).
The first question on each trial related to the overall emotional quality of the image
(i.e., overall, how emotional do you find this picture? 1 =very emotional; 2 = emotional; 3 =
neutral; 4 = unemotional; 5= very unemotional). The second question addressed how
arousing the participant found the picture (i.e., 'how intense would you rate this picture?' 1 =
very intense; 2 =intense; 3 =neutral; 4 =calm; 5= very calm), and the third question asked
how pleasant the participant found the picture (i.e., 'how pleasant would you rate this
picture?' 1 =very pleasant; 2 =pleasant; 3 =neutral; 4 =unpleasant; 5= very unpleasant).
Each of the three blocks consisted of fifteen trials, corresponding to the presentation of
15 images per block, with three examples of each of the five stimulus types per block (i.e.,

~
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three high arousal positive, three high arousal negative, three low arousal positive, three low
arousal negative and three neutral). The presentation order of the pictures was randomly
generated for each participant on each trial to control for order effects. Moreover, the order of
the dimensionality questions (valence and arousal) was counterbalanced, as half of the
participants received the arousal question before the valence question and the other half
received the valence question before the arousal question. The task took approximately 15
minutes to complete.
Analysis
Given the nature of a within-subjects design, equal cell sizes for the lAPS rated data
set were obtained, but unequal cell sizes were obtained for the individually rated data set.
This occurred because respondents had the freedom to rate arousal and valence, dependent on
their own experience. In the present study, the individual differences were large (n = 449
high arousal negative group; n = 159 high arousal positive group; n = 143 low arousal
negative group; n = 368 low arousal positive group). One recommended option ifthe
differences are large is to make group sizes equal (Field, 2005) and accordingly, the
frequency of responses in each ofthe cells were made equal using the SPSS data function.
This process involved the random selection of 143 cases, being the minimum group size, out
of the HAN, HAP, and LAP columns. This resulted in a balanced design, where n = 143.
Both the lAPS and individual based data were significantly skewed. In the lAPS
based analysis, each of the picture types were positively skewed p < .05. For the individual
based analysis, each picture type was positively skewed p < .05, except for the low arousal
negative picture type displaying a negative skew. Variances in both analyses were unequal
between groups p < .05. For these reasons, non-parametric statistics were used to analyse the
data.
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Friedman's test was conducted where the HAN, HAP, LAN and LAP were treated as
four levels of picture type. Wilcoxon signed-rank test computed the equivalence of main
effects for arousal and valence, and was also used as the post-hoc statistic.
These non-parametric tests do not automatically produce effect size analyses. Because
of this, Cohen's d was calculated for valence and arousal to ascertain the size of the effect and
then how much variance could be explained by each. Cohen's d was calculated using the row
and column means and standard deviations for both variables. The contribution of each of the
cell comparisons was obtained the same way. Once Cohen's d was obtained, the relevant
percentage overlap between the two distributions was calculated to obtain percentages of
explained variance.
Results
General Overview

The data were organised in four phases. First, a group analysis using the lAPS ratings
of valence and arousal was conducted. Second, a group based analysis using individual
ratings of the dimensions of valence and arousal was carried out. The third phase compared
the effect sizes and explained variance from phases I and II, and the fourth phase reports a
confirmatory means based analysis on the individual data.
From the phase I analysis, results showed that arousal explained 11.6% of the variance
in emotionality ratings compared to the 1.4% explained by valence. The second phase of the
analysis which incorporated individual differences was able to explain considerably more
variance (almost 15%) in the emotionality ratings in comparison with the lAPS based
analysis. For both the lAPS and individually based analysis, valence and arousal had a
significant effect on emotionality ratingp < .05.
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Phase 1: Analysis Using the lAPS Ratings of Valence and Arousal

The analysis based on the lAPS ratings of valence and arousal showed the dominating
effect of arousal over valence in explaining emotionality ratings. Friedman's test displayed
an overall significant effect of picture type on emotionality ratingx2 (3) = 225.02,p < .05. The
Wilcoxon test revealed a significant main effect of arousal T= 13 780.5,p < .05 indicating
that both high arousal negative (M= 1.55, SD = 1.01) and positive (M= 2.18, SD = 1.13)
pictures were rated as significantly more emotional compared to the low arousing negative (M
=

2.78, SD = 1.34) and positive (M= 2.76, SD = 1.32) pictures.
Individual cell comparisons using the Wilcoxon test showed that the high arousal

negative pictures were significantly more emotional compared to the low arousing negative (T

= 2239) and positive images (T = 2428.5). In addition, the high arousal positive pictures were
significantly more emotional compared to the low arousal negative (T = 4071.5) and positive
pictures (T = 4589). The Bonferroni procedure is recommended to correct for the number of
tests being conducted (a/number of comparisons; Field, 2005). Therefore, the significance
values are at the Bonferroni corrected level of .008.
The effect ofvalence on emotionality rating was also significant T = 18 831.5,p < .05.
This indicated that negative pictures, across levels of arousal were rated as more emotional
than positive pictures. This effect was caused by a difference in valence at the level of the
high arousal condition only (T= 2461), and not at the level oflow arousal (T= 6784.5, n.s.).
This trend is evident on Figure 3 below.
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Figure 3. Estimated marginal means for each of the four picture types from the lAPS based

analysis. Note that a smaller number on the y-axis (emotionality rating) represented a higher
emotionality. The figure shows a main effect of arousal, as well· as an effect of valence, but
only at the level of high arousal.
The size of the main effects results were computed using Cohen's d (Cohen, 1988;
Howell, 2002). The effect of arousal was medium, K = -0.727 explaining 11.6% of the
variance in emotionality ratings, in comparison to a small effect of valence K = -0.244
accounting for 1.4% of the variance in emotionality ratings.
Turning to the cell comparisons, there was a large significant difference between the
high arousal negative pictures and both low arousal positive and negative pictures (see Table
1 below). There was a medium difference between the high arousal positive pictures and the
low arousal pictures. A small and non-significant difference was found between positive and
negative valence at the level of low arousal.
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Table 1
Measures of Effect Size for the lAPS Based Comparisons
Comparison

I(

r

r2

HAN-HAP

-0.586*

-0.281

7.8%

HAN-LAN

-1.035*

-0.459

21%

HAN-LAP

-1.028*

-0.457

20.8%

HAP-LAN

-0.483*

-0.234

5.4%

HAP-LAP

-0.471 *

-0.229

5.2%

LAN-LAP

0.015

0.007

0%

Note. * Indicates significant comparison at p < .008
Phase II: Analysis Using the Individual Based Ratings of Valence and Arousal

There was an overall effect of picture type on emotionality rating using the
Friedman's test X2 (3) = 171.60, p < .05. There was a main effect of arousal, T = 1988, p < .05
indicating that both the highly arousing negative (M = 1.66, SD = .98) and positive (M = 1.83,
SD = .91) pictures were considered significantly more emotional compared to both low

arousing negative (M= 3.5, SD = 1.28) and positive (M= 2.85, SD = 1.31) images.
These results were confirmed when cell by cell comparisons were made. Identical to
the phase I analysis, a Bonferroni correction was used and therefore, results are reported at a
significance level of .008. The high arousing negative pictures were rated as significantly
more emotional than the low arousing negative pictures (T= 361) and the low arousing
positive pictures (T= 583.5). The high arousing positive pictures were also rated as
significantly more emotional than the low arousing negative (T = 118.5) and positive pictures
(T= 656).
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Valence was also significant T= 6518.5,p < .05. However, this significance arises
from the difference at the level of low (T= 1347), not high arousal (T= 1391, n.s.) as evident
on Figure 4 below.
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Figure 4. Estimated marginal means for each of the four picture types from the individually

based analysis. Note that lower ratings on they-axis (emotionality) denotes an increased
emotionality. The figure shows the same general trend as shown in Figure 3, with a
significant effect of arousal. The effect ofvalence, however, is seen in the low arousal
conditions, rather than the high arousal conditions depicted in Figure 3.
The main effect of arousal was large K = -1.235, and explained 27.5% ofthe variance
in emotionality ratings. The effect of valence was small K = .182, explaining < 0.1% of the
variance in emotionality ratings.
Effect sizes were calculated for each of the four conditions. The two largest differences
in emotionality ratings were between the low arousal negative pictures and both the high
arousal negative and positive pictures (see Table 2 below). There was also a large difference
between low arousal positive pictures and both high arousal negative and positive pictures.
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The significant difference between the low arousal positive and negative pictures was a
medium effect, and at the level of high arousal the difference in valence was small.
Table 2
Measures of Effect Size for the Individual Based Comparisons
Comparison

K

r

r2

HAN-HAP

-0.179

-0.089

0%

HAN-LAN

-1.612*

-0.627

39.3%

HAN-LAP

-1.026*

-0.456

20.7%

HAP-LAN

-1.500*

-0.600

36%

HAP-LAP

-0.901 *

-0.410

16.8%

LAN-LAP

0.500*

0.242

5.8%

Note. * Indicates significant comparison at p < .008

Hence, the size of the comparisons confirms the dominance of arousal over valence,
with respect to determining emotionality. That is, the largest differences existed between the
high arousal versus low arousal conditions, while only small and medium effects were evident
between valence at the level of low and high arousal.
Phase III: Patterns ofIndividual Difference

The third phase of the analysis concentrated on the further sensitivity gained when
using individual differences, compared with a nomothetic approach. In particular, the
question posed in the introduction, was whether an individual differences approach was able
to account for more of the variance in emotionality ratings compared to the ratings ofvalence
and arousal by the lAPS. This question was posed at an exploratory level and was
approached by the simple method of looking at the difference between the capabilities of the
lAPS rated data compared to the individually rated data to explain the variance in
emotionality ratings.
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As illustrated on Figure 5 most of the variance is explained by arousal, a trend that is
heavily accentuated when individual differences are considered. Using the individual
dimensionality ratings, arousal explains 27.5% of the variance, in comparison to the 11.6%
explained by arousal in the lAPS based analysis. Furthermore, the individual analysis shows
the magnitude ofthe effect of valence. That is, whereas in the lAPS analysis valence
accounted for 1.4% ofthe variance, the individual analysis shows valence as explaining
< 0.1% of the variance in emotionality ratings.
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Figure 5. Variance in emotionality rating accounted for by valence and arousal in both phases
of analysis. The individually based analysis accentuates the dominance of arousal over
valence. The overall clarity achieved by an individual based approach is also evident with the
increase of almost 15% of explained variance attributed to the analysis based on individual
dimensionality ratings.
The analysis using the individual ratings of valence and arousal was able to explain
more of the variance in comparison to the results based on the lAPS ratings. This is
indicative of the increased sensitivity and power of the individually based analysis.
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Given the enhanced sensitivity of the design when incorporating individual
differences, it would be expected that variability would be reduced, compared with the
nomothetic lAPS analysis conducted in phase 1. The results showed that the variability at the
level of high arousal was reduced. That is, compared to the standard deviations of the high
arousal pictures from the lAPS analysis (HAN SD = 1.01, HAP SD = 1.13), those from the
individual analysis were smaller (HAN SD = .98, HAP SD = .91). This further evidence
demonstrates how additional variance was explained when incorporating individual
differences into design and methodology.
Phase IV: Means Based Analysis

There was also a marked difference in the frequency that each picture type was judged
in the individual analysis. If each person had perceived and rated the pictures identical with
the objective lAPS ratings, there would have been a total of 270 ratings per picture type.
However, this was not the case as 449 pictures were rated as high arousal negative, 159 as
high arousal positive, 143 as low arousal negative and 368 as low arousal positive. These
differences were significantx2 (7) = 2.543E2,p < .05.
As a consequence of this, each row in the individual analysis did not necessarily
represent one individual's results. It could, for example, be argued that the phase II results
were dominated by individuals who used the low arousal negative response category, and
therefore may have confounded the results. To rule out potential biases in the main analysis, a
means test was conducted. This involved taking the mean score of each picture type for each
individual so as to have each row representing one person's results. This procedure ensures
that equal weight is given for all respondents in the design, and was considered superior to a
parametric approach such as regression, which would have given more weight to those
individuals who had contributed more to certain response categories.
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The Wilcoxon test revealed that arousal had a significant effect on emotionality
ratings T= 272,p < .05. Valence was not significant T= 766,p > .05. This result is
consistent with the results reported thus far, and the ability of the analysis based on
individual raw scores to increase the sensitivity of the design.
Summary of Results
Taken together, each analysis was consistent with the dominance of arousal over
valence in explaining emotionality ratings. In addition, the increased effect sizes and
explained variance in the individually based analysis demonstrated the importance of taking
individual differences into account.
Discussion
High arousal stimuli, both positive and negative, were hypothesised to be rated as
more emotional in comparison to the low arousing positive and negative pictures. The results
from the phase one lAPS analysis show that highly arousing images were found more
emotional in comparison to the low arousing stimuli. For the highly arousing stimuli, negative
valence impacted more on emotionality rating than positive valence. These results are partly
consistent with the categorical negativity hypothesis (Pratto & John, 1991 ), the evolutionary
threat hypothesis (Ohman & Flykt et al., 2001) and are consistent with the arousal hypothesis
(Bradley & Lang, 2007a, 2007b).
The additional consideration of individual differences explained more ofthe variance
in emotionality rating compared to a nomothetic analysis based on the lAPS ratings. These
results are consistent with the argument made by Kosslyn et al. (2002), that statistical
inclusion of individual differences can lead to increased explained variance.
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Theoretical Implications from the Nomothetic Analysis (Phase I Results)

The lAPS based analysis found that both valence and arousal had a significant effect
on emotionality ratingp < .05. However, as predicted, it was the highly arousing stimuli that
had the biggest effect on emotionality ratings, explaining 11.6% of the variance in
comparison to the 1.4% explained by valence. The overall trend indicated that the highly
arousing stimuli were rated as more emotional compared to the low arousing stimuli.
These results have implications for the categorical negativity, evolutionary threat and
arousal hypotheses. The categorical negativity hypothesis (Pratto & John, 1991) would have
predicted that the negative stimuli (high and low arousal) would have had the biggest effect
on emotionality ratings, and be perceived as the most emotional pictures in comparison to the
positive stimuli. These predictions were not supported, as both positive and negative highly
arousing stimuli explained more of the variance and were rated 'as more emotional compared
to the low arousing stimuli. In addition, the low arousal negative stimuli were rated as less
emotional compared to the low arousing positive stimuli, a finding not consistent with the
categorical negativity hypothesis.
Although the main findings contradict the predictions this hypothesis would make,
valence was still found to have a significant effect on emotionality rating. This may be
attributed to the result that the high arousing negative stimuli were found more emotional than
the high arousal positive stimuli. This indicates that the positive stimuli, even though highly
arousing were not found as emotional as the negative stimuli. This interaction suggests an
avenue for further study. A replication of the Pratto and John (1991) study taking arousal into
account, and specifically searching for an interaction would help to clarify these issues.
This general trend for negative stimuli to be given more weight in the perceptual
system is noted by many studies in the area. For example, Bradley and Lang (2007a) explain
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that although humans generally have both a positive and an approach oriented disposition,
when a highly arousing negative event is perceived, a rapid defensive and avoidant
disposition takes over. They argue that this is consistent with physiological evidence
demonstrating the existence of separate approach and avoidance systems. The avoidance
system is particularly well tuned to high arousing negative stimuli (Bradley & Lang, 2007a).
The results of this explorative study confirm results indicating that arousal has a
greater influence than valence. For example, in the attentional blink study by Anderson
(2005), both the highly arousing negative and positive targets received perceptual facilitation
in comparison to the low arousing and neutral targets. In addition, Schimmack (2005)
reported that both positive and negative highly arousing stimuli led to greater delayed
reactions when solving maths problems and detecting the location of a line, in comparison to
low arousing stimuli.
Although both Anderson (2005) and Schimmack (2005) tested the predictions made
by the categorical negativity hypothesis they found no evidence for a negativity bias. The
present study did find a negativity bias, and this is consistent with the categorical negativity
hypothesis. Given this result, it is recommended that further research be conducted to
replicate and extend Pratto and John's (1991) design. The results of this exploratory study
may also have implications for the evolutionary threat hypothesis. This study did not
explicitly test the evolutionary threat hypothesis as specific threatening stimuli were not
operationalised or included in the design. However, as noted by Kensinger and Schacter
(2006), threatening stimuli are generally arousing stimuli. Moreover, there is physiological
evidence that the amygdala although traditionally conceptualised as responding mainly to fear
evoking stimuli, has a broader role in processing highly arousing information, regardless of its
valence (e.g., Anders, Lotza, Erb, Grodd, & Girbaumer, 2004; Kensinger & Schacter, 2006).
As a consequence, it is possible to argue that the arousal hypothesis can encapsulate the
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evolutionary threat hypothesis. That is, the finding (i.e., Ohman & Flykt et al., 2001; Ohman
& Lundqvist et al., 2001) that angry faces, snakes and spiders receive perceptual facilitation

in comparison to neutral faces, flowers and mushrooms is consistent with what the arousal
hypothesis would predict. This is because the threatening stimuli were more arousing than
the non-threatening stimuli, and it was the arousal that led to the facilitation effect, rather than
the threatening nature itself. Further exploration of the effects of threatening, but not arousing
stimuli would be helpful to better understand the explanatory power of the evolutionary threat
hypothesis.
Schimmack (2005) directly compared the effects of ecologically threatening stimuli
(snakes) and other highly arousing stimuli (a battered woman). That study found that the
ecologically threatening stimuli did not result in greater interference in task performance.
However, it is possible that because the ecologically threatening and other arousing pictures
were not equated on arousal, that the arousing pictures were more arousing than the snake
pictures. Indeed, on the threat trials, performance was actually enhanced, a contradictory
finding especially within the context of an interference task. A replication and extension of
the Schimmack task would allow for further experimental investigation of the relative
contribution to ,emotion of ecological threat and arousal.
Buodo et al. (2002) directly compared highly arousing negative pictures (e.g., scenes
of blood/injury), threatening pictures (e.g., scenes of violence/attack), highly arousing
positive stimuli (e.g., erotic scenes & sport/adventure) and neutral stimuli (e.g., household
items). The highly arousing negative and positive pictures were equated on levels of arousal.
In a reaction time task, the highly arousing negative pictures of blood/injury and the erotic
pictures delayed reaction time in comparison to the threat, sport/adventure and neutral
pictures (p < .0001). This result is consistent with the proposal that arousal is a more
important dimension than threat in determining emotion. That is, although these picture types
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were equated on level of arousal, the blood/injury and erotic pictures interfered more in task
performance compared to the threatening pictures and the other high arousal positive images.
Instead of interpreting this result from an evolutionary threat perspective, these results make
sense from an arousal hypothesis perspective. That is, although objectively rated as equal on
level of arousal, the blood/injury images were found to be more arousing than the threat
scenes.
The present results and previous literature (e.g., Anderson, 2005; Buodo et al., 2002;
Schimmack, 2005) suggests that the evolutionary threat hypothesis is supported when
understood in terms of a general arousal hypothesis framework. It has been argued that
threatening stimuli attracts more attention than non threatening stimuli, but only if they are
more arousing than those non-threatening stimuli. It is recommended that this hypothesis be
tested to allow for further understanding of the role of arousal and threat.
In the present results, arousal explained an additional 10% of the variance in
emotionality ratings when compared to valence. This result is supported on the behavioural
level as evidenced above, in addition to the findings from physiological studies that indicate
the importance of arousal in comparison with valence (Bradley & Lang, 2007 a, 2007b).
There are a number of neurological studies demonstrating differential brain activity
when participants view high versus low arousing stimuli. Regarding the amygdala, Kensinger
and Schacter (2006) found that the amygdala responded more to highly arousing pictures
despite their positive or negative valence. Bradley et al. (2003) monitored functional activity
in the occipital cortex and similarly found both increased and stronger activation in this region
for highly arousing pictures compared to low level arousing positive and negative pictures.
These increased patterns of activation are stipulated to represent the importance of stimuli
perceived to be highly arousing (Bradley & Lang, 2007a).
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Cuthbert et al. (2000) specifically relate changes in event-related potential (ERP) to
increased perceptual processing of emotionally relevant stimuli. They measured participants
ERP, skin conductance and affective report for a variety of emotional pictures controlled on
levels of valence and arousal. Results indicated that ERP activity was increased for those
pictures rated as more highly arousing, in addition to evoking higher skin conductance
responses. These results were interpreted as being evidence for the enhanced perception and
processing of stimuli perceived to be highly arousing and therefore important for the
individual.
Bradley, Codispoti, and Cuthbert et al. (2001) showed that highly arousing stimuli
affect a number of different physiological measures apart from skin conductance. For
example, while participants viewed high arousal images, there were marked increases in skin
conductance, cardiac deceleration, and the startle reflex in comparison with viewing low
arousing images. The patterns of activity in the facial muscles were however, found to vary
with picture content as opposed to being modulated by the arousal level of the picture.
Therefore, there appears to be considerable physiological evidence that arousal is a
primary contributor to task performance. However, it is acknowledged in the work of Bradley
and Lang (2007 a, 2007b) that valence is also important in terms of determining the direction
of behaviour, with the arousal determining the strength of that behaviour enacted in a
particular direction. In this way, both valence and arousal are important for different reasons.
It follows that the relations between behavioural and physiological studies
nevertheless provide a strong case for the effects of arousal on emotion and performance,
from perception (Cuthbert et al., 2000), neurological processing (Bradley et al., 2003;
Kensigner & Schacter, 2006), autonomic reactions (Bradley, Codispoti, & Cuthbert et al.,
2001; Lang, Greenwald, Bradley, & Hamm, 1993) to behavioural responses (Anderson, 2005;
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Schimmack, 2005). The present exploratory study shows a similar pattern when emotion is
directly rated.

Theoretical Implications from the Individual Differences Analysis (Phase II and III Results)
The results based on the individual ratings ofvalence and arousal followed the same
general pattern as that for the nomothetic lAPS based analysis. That is, both valence and
arousal were significant, but arousal explained 27.5% of the variance, while valence explained

< 0.1 %. When the explained variance is compared across both analytic procedures, it was
found that the individual based analysis could explain almost 15% more of the variance in
emotionality rating than the nomothetic, lAPS based analysis. This is consistent with Kosslyn
et al. (2002), in that inclusion of individual differences leads to increased understanding. The
additional variance explained derived from the more sensitive design that incorporated
individual differences, and so reduced error variance was obtained across each level of
valence and arousal compared to the first phase of analysis.
Kosslyn et al. (2002) argued that the nomothetic and idiographic approaches to
research should be complimentary, not opposing. Group research can provide extensive
information as to general trends and patterns common to all individuals. However, an
individual differences perspective can be integrated in order to increase the applicability of
developing theories and to enrich our understanding of these general themes.
An important issue in the individual differences data, was that the individual based
analysis revealed a different pattern of interaction compared to the lAPS based data. For the
lAPS based data, there was marked variation at the level of high arousal and small variation at
the level of low arousal. For the individual based analysis the variation was reduced at the
level of high arousal and increased at the level of low arousal. This result would be expected,
given that the second phase explained more variance and was better able to account for the
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results. It might tentatively be concluded that the perception of the low arousing stimuli is
subject to greater individual differences compared to the strength of the nomothetic trend at
the level of high arousal. Further replication and extension of the statistical procedures
employed in this study would test this provisional conclusion.
The increased sensitivity of a design that incorporates individual differences was also
demonstrated in the finding that both valence and arousal had a significant effect on
emotionality rating. As indicated earlier, valence is not often detected as a significant
influence on task performance. Indeed, when the current data were analysed according to the
mean scores for each category across each individual, arousal showed the only significant
effect on emotionality rating. Therefore, although the effect size is consistent with the view
that arousal is dominant, valence is also of importance, as indicated by the individual
differences analysis.
On an exploratory level, the results of this present study demonstrate the power of
incorporating individual differences into a research design. Although the strongest and
general trends will emerge from group based research (i.e., effect of arousal from the lAPS
based analysis), the extent of these effects are accentuated in individually based analysis.
Limitations and Recommendations for Further Research

There were at least four main limitations of the current design. Carry over effects
stemming from the high arousal negative stimuli may have led to a response bias in
dimensionality ratings. Second, the all female sample may have accentuated this bias as it is
documented that women respond more strongly to negative stimuli. Third, the subjective
nature of the study and fourth, because this study used a task that tested a relatively late stage
of processing, there is much potential for investigations into the very early perception of
emotional stimuli.
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The response bias was evident from the individual based analysis where 449 pictures
were rates as high arousal negative; 159 as high arousal positive, 143 as low arousal negative
and 368 as low arousal positive. If participants had rated them identical to the lAPS, there
should have been 270 ratings for each picture type. It is interesting to note that some
individuals did not use the low arousal negative classification, and their responses were
dominated by high arousal negative classifications.
This distribution of ratings may be evidence of a carry-over effect. Carry over effects
refer to stimuli from one trial influencing ratings in subsequent trials. It is possible that the
participant's perception of the high arousing negative pictures acted as a perceptual
benchmark from which all other pictures were judged. This would have lead to a lower
frequency of low arousal negative stimuli, as these picture types were perceived as more
highly arousing. It may also have led to many of the high arousal positive images being
perceived as less arousing, which would then account for the increased frequency of the low
arousal positive picture type.
These results can be explained by the concept of context effects (Godden & Baddeley,
1980). The current experiment was the context, and within this context participants
established perceptual anchors. Prototypical highly arousing negative pictures became points
at which to make judgements about the dimensional and affective quality of all other pictures.
This context became dominated by the affective quality of the high arousal negative images.
Because of this, more of the low arousing negative pictures were seen as more arousing, and
in comparison to the high level of negative arousal not many pictures were perceived as
highly arousing positive.
The problem with these unequal frequencies was that, because the number of
observations per picture type had to be made equal for the within-subjects analysis, some data
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from each column except the low arousal negative column was not selected. In this way, the
data may have over represented those individuals who gave more ratings of the low arousal
negative category and it is possible that these people may differ in important ways to those
who did not. However, a means based analysis was conducted and reported in phase IV of
the results section that confirmed the dominating influence of arousal over valence.
To some extent, carry over effects were controlled for in the current design through
the complete randomisation of the order in which every picture appeared in each trial for
every person. However, in order to partial it out of an experimental design, further research is
required to design a task explicitly measuring these carry over effects. One method to
approach this would be to include a question, once every five to ten trials specifically asking
the participant, for example 'have there been any pictures in the preceding trials that have
affected you in any way?'. Once these pictures have been isolat~d, the next step would be to
do a follow up experiment excluding the noted pictures from the stimulus set. Although this
could be argued to dull down the affective quality and range of a stimulus set, it is necessary
to assess the magnitude of these carry over effects if work is to be reliably done investigating
the dimensionality of emotion.
The second limitation is the lack of generalisability that occurs due to the sole
employment of female participants. Although men and women both show the greatest
physiological reactivity to threat, mutilation and erotic picture content, important differences
have been found between the sexes within these picture types (e.g., Bradley, Codispoti, &
Sabatinelli et al., 2001). In a direct comparison of the physiological and subjective ratings of
emotional pictures by men and women, Bradley, Codispoti, and Sabatinelli et al. (2001) found
that the female participants were more likely to both experience (e.g., indexed from heart rate)
and express (e.g., indexed from facial EMG activity, blink reflexes, subjective ratings)
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negative emotion after viewing unpleasant pictures, despite the specific negative content of
the image.
These sex differences in picture perception were acknowledged, which is why females
were used in the absence of the ability to obtain a balanced number of each sex. However, as
the response bias discussed above was mainly concerned with high arousing negative picture
content, it is possible that the higher reactivity to negativity experienced by females has
exaggerated this general bias toward negative stimuli found in both males and females. This
limitation does not invalidate my results, but limits them to the female psychology student
population. Further research would be able to explore if the same general trend exists if a
balanced sample of both genders were obtained.
A third direction for further research stems from the apparent carry over effects. It
may be that this negativity bias was reflective of the personality dispositions of the
participants. It is reasonable to argue that the degree of extraversion, neuroticism and even
optimism and pessimism that an individual has will influence their responses in an emotional
task. There is evidence in the cognitive literature that this is the case, with temperament and
degree of state/trait anxiety influencing emotional task performance (see Derryberry & Reed,
1994; Fox, Russo, & Dutton, 2002). It is therefore possible that for a sample of people high
in optimism, there may have been the opposite pattern than that observed in the current study,
resulting in the disproportionate influence of positive emotion. This may present the
opportunity for an adaptation of the current design to be ofuse diagnostically. To address this
direction, a research project could investigate the relations between emotional task
performance and personality (see Greenwald, Cook, & Lang, 1989; Lang et al., 1993).
The fourth limitation ofthis study involves the subjective nature of the task. Because
the task used self report, this would have been open to bias in terms of the individuals'
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conceptual understanding of the terms 'emotionality', 'arousal', and 'valence'. Therefore,
each participant may have categorised the pictures according to their understanding of these
concepts and not the researcher's definition as provided in the instructions. One modification
to the design would be to measure a physiological response, which would then indicate the
validity of an emotional rating.
A related issue is the student sample used, as a sample drawn from the female
psychology population may differ in certain ways to the general population. A follow up
study using individuals from the general population, with objective measures of valence,
arousal and intensity would help to clarify these limitations.
The present study explored ratings of emotionality, a process involving much
conscious thought. In the context of a time line, this rating task would involve later stages of
processing. This is a trend reflected in the literature where much of the research that looks at
the relative contribution of valence and arousal uses interference tasks that can be considered
to involve late stages of processing (e.g., Buodo et al., 2002; Verbruggen & DeHouwer,
2007).
Finally, it is accepted that the present study is exploratory, and provides for a direct,
but subjective, measure of emotionality. Replication and extension of the work is
recommended. One extension that may produce results would focus on early perceptual
stages of processing (e.g., Anderson, 2005). These kinds oftasks involve stimuli being
presented very rapidly, almost as if the image has not consciously registered with the
participant. The use of stimulus-limited procedures might further reveal preferential
processing of highly arousing stimuli, as in the enhanced encoding of target stimuli in
Anderson, and the use of stimulus onset asynchronies by Schimmack (2005) and Buodo et al.
(2002). There is therefore strong potential to expand the current paradigm to specifically
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explore its sensitivity to determining picture valence and arousal at earlier stages of emotional
processing.
Conclusion
In summary, this exploratory study has provided evidence for the dominance of
arousal over valence. This pattern of results is partly consistent with the categorical
negativity hypothesis and is consistent with both the evolutionary threat (as a subset of
arousal hypothesis) and the arousal hypothesis. Secondly, the results based on the
incorporation of individual differences accounted for more of the variance in emotionality
rating than the nomothetic lAPS based analysis. This shows the power of an individual
differences approach over traditional nomothetic group analysis. Finally, this experimental
report has shown that a direct measure of emotionality is possible and has probably increased
the number of potential research directions to further clarify the role of arousal and valence in
determining emotion. In particular, the task may be modified to include a direct physiological
measure associated with emotion (for example galvanic skin response), and in addition, may
examine stimulus-limited procedure to explore earlier stages of emotional processing.
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Appendix A

Instructions

We thank you for coming today and appreciate your participation in this experiment.
In this study, we are interested in how people respond to pictures that represent a lot of
different events that occur in life. For about the next 15 minutes, you will be looking at
different pictures on the computer screen in front of you, and you will be rating each picture
in terms of how it made you feel while viewing it. There are no right or wrong answers, so
simply respond as honestly as you can.

Now let me explain your involvement in more detail. In this task you will view a
variety of emotional pictures. After seeing each picture you will need to rate it in terms of
how emotional, intense and positive it is. While there is no limit on the time you take to rate
each picture, try not to think about your ratings for too long.

In terms of the general emotionality, you can rate the picture from 1 to 5, from "very
emotional" to "very unemotional". For intensity and pleasure, if you'll look at the computer
screen, you will see 2 sets of 5 figures, each arranged along a continuum. We call this set of
figures SAM, and you will be using these figures to rate how intense and pleasant you felt
while viewing each picture.
SAM shows two different kinds of feelings: Happy vs. Unhappy, and Excited vs. Calm.

In this illustration, the first SAM scale is the happy-unhappy scale, which ranges from
a smile to a frown. At one extreme of the happy vs. unhappy scale, you felt happy, pleased,
satisfied, contented, hopeful. If you felt completely happy while viewing the picture, you can
indicate this by pressing the yellow sticker on your keyboard marked "1 ". The other end of
the scale is when you felt completely unhappy, annoyed, unsatisfied, melancholic, despaired,
bored. You can indicate feeling completely unhappy by pressing the sticker marked "5". If
you felt completely neutral, neither happy nor unhappy, press sticker marked "3". The stickers
labeled "2" and "4" allow you to make more finely tuned ratings of how you feel.

At one extreme of the intensity scale you felt stimulated, excited, frenzied, jittery,
wide-awake, aroused. If you felt completely aroused while viewing the picture, indicate this
by pressing the sticker marked "1 ". On the other hand, at the other end of the scale, you felt
completely relaxed, calm, sluggish, dull, sleepy, unaroused. You can indicate you felt
completely calm by pressing the sticker marked "5". If you are not at all excited nor at all
calm, press the sticker marked "3". Again, the stickers "2" and "4" allow you to make a more
finely tuned rating of how excited or calm you feel.
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Your rating of each picture should reflect your immediate personal experience, and no more.
Please rate each one AS YOU ACTUALLY FELT WHILE YOU WATCHED THE
PICTURE.
You'll have only a few seconds to watch each picture. Please view the picture for the entire
time it is on and make your ratings immediately after the picture is removed. It is very
important not to dwell on your ratings of the pictures.
Although some of the pictures will truly be neutral for you, it is verv important to avoid overresponding with a rating of "3".

Before we begin, there will be a practice phase that is just to help you get a feel for how the
ratings are done.
Are there any questions before we begin?
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